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ABSTRACT 
Long term BOD analyses were conducted to investigate potential 
enhanced biological degradation of resistant organic compounds after 
adsorption oqto active carbon. Ortho and para-Nitrophenol, Dinitro-o-
Cresol and ortho-Nitrotoluene were used as representative resistant 
organic compounds. 
Granular active carbon saturated at low level concentrations 
of the organic compounds was added to long term jug dilution BOD 
apparatus reactors. Diluted effluent from a secondary treatment facility 
was spiked with equilibrium concentration amounts of the biologically 
resistant organic compounds. The saturated active carbon was added to 
one BOD reactor while a second reactor was used as a control. 
Effects of the active carbon appear to be strongly system 
dependent, although the active carbon did show a positive influence on 
biodegradation during the early period of the BOD progression. 
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1. INTRODUCTION 
Conventional secondary wastewater treatment processes, such as 
activated sludge or trickling filters, are not capable of meeting the 
more stringent effluent requirements currently being imposed by regula-
tory agencies due to increasing population and heightened public aware-
ness of environmental issues. The 80 to 90% removal of biochemical 
oxygen demand (BOD) which has been a design target for new wastewater 
treatment facilities is now frequent~y found to be insufficient to 
maintain desired water quality in receiving water bodies. As a result, 
advanced wastewater treatment processes have evolved to meet quality 
requirements and are being employed at an increasing number of installa-
tions. A significant number of advanced wastewater treatment (AWT) 
facilities .use active carbon for increased removal of residual organics 
(1). 
As early as 1935, experiments (2) with active carbon as a 
flocculation aid of wastewater solids were conducted and although active 
carbon has been used in wastewater treatment for many years, the mech-
anisms which enable active carbon to improve treatment have been disputed. 
Originally, the reduced organic or substrate concentration following con-
tact with .active carbon was believed to be solely a result of adsorption. 
However, other studies, described below, have shown that organic removal 
can be a combination of adsorption followed by the subsequent biological 
degradation of the substrate adsorbed on the carbon surfaces. 
The adsorption phenomenon can be described by the classical 
Gibbs equation: 
--~ 
where 
r = :...£_ d":{ 
. R e _de 
g 
r = excess surface concentration of solute per unit area 
c = bulk concentration of the solute 
R g = universal gas constant 
e = absolute temperature 
~ = change of interfacial tension with change of solute 
concentration 
. -3 
(1) 
The change of interfacial tension can be approximated by the 
change in surface tension of a solution as solute concentration changes. 
The Gibbs equation states that when a solute decreases the surface tension 
- -------- --· 
of a solutio~,--(~ negative): ~he ~oiute. concentration at the liquid-. 
solid interface will be greater than the bulk solute concentration. 
---_------------ -·------·--····--------------·7o.··· ,----------------- ---
Furthermore, the more negative \~} is, the greater will be the excess 
. -----.------------- ---------·---------------------------;------------------- - -·------ __ ........ _ 
at the liquid-solid interface. Most organic compounds decrease surface 
tension in aqueous solutions and some exhibit very large negative values 
.. -~-~-(~~}-(3)·~--- ----------· ·---·. ·- ... -·-·---· ··-----------·--·-···--· 
Thus, the nature of most organic materials in aqueous solu-
ti.ons is to concentrate at any solid surface. Active carbon has very 
large surf~ce area per unit mass of material. However, it should be 
noted that the concentration effect is influenced primarily by the nature 
of the organic compound (the solute). 
Heuklelekian and Heller (4) demonstrated the effect of organic 
substrate concentrating at surfaces on the growth of bacteria in otherwise 
quite dilute solutions. Cultures of Escherichia coli were placed into 
• 
• 
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flasks containing varying concentrations (0.5 mg/t to 100 mg/t) of 
glucose-peptone media. One series of flasks had glass beads added to 
increase the surface area. 
The concentration effect of the increased surface area was 
dramatically shown. Escherichia coli did not grow in the flasks without 
the glass beads when the glucose-peptone substrate concentrations were 
either 0.5 mg/t or 2.5 mg/t. However, the corresponding flasks with 
increased surface area provided by the glass beads had considerable 
growth of bacteria. The effect of the glass beads in increasing the 
growth of Escherichia coli was noticeable up to about a 25 mg/t concen-
tration of the glucose-peptone substrate. At higher concentrations, the 
growth of Escherichia coli was essentially the same with or without the 
beads. This result for higher bulk concentrations would be expected 
since the (-c) term in the Gibbs equation would tend to counteract the 
increased surface excess due to the (~) term. The basic conclusion \de 
developed by Heukelekian and Heller was: 
" ... surfaces enable bacteria to develop in substrate other-
wise too dilute for growth". 
Although the organic compounds found in raw wastewater are 
many and varied, a crude approximation of organic concentration can be 
obtained by considering the BOD of the wastewater to be that of a stoich-
iometric equivalent concentration of glucose-peptone. Using this 
approximation, a typical raw wastewater BOD of 200 mg/t would have a 
stoichiometric equivalent glucose-peptone concentration of about 200 
mgf~, also. If one considers this dilute concentration of organic 
substrate in raw wastewater then undergoing a 10-fold reduction (90% 
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removal) with a secondary treatment facility, the remaining organic 
fraction, which has been termed "refractory" or "non-biodegradable", is 
probably just too dilute to maintain biological activity. Using the 
crude approximation mentioned above, a 90% removal of a 200 mg/t influent 
BOD yields an effluent of 20 mg/t. The 20 mg/~ equivalent glucose-
peptone concentration is in the same order of magnitude that Heukelekian 
and Heller observed as starting to show beneficial results due to 
increased surface areas. 
The extent of this concentration effect was demonstrated in 
a study by the U.S. Bureau of Mines (5) of adsorption onto anthracite 
coal, which has a relatively inert surface. On a mass balance basis, 
the adsorption from a dilute 20 mg/t COD solution was equivalent to a 
6000 mg/t concentration in the 0.10 mm thick micro-environment surrounding 
the coal particle. This is shown schematically in Fig. 1. It is this 
concentration effect which enabled Heukelekian and Heller (4) to obtain , . 
I growth of Escherichia coli in dilute concentrations of substrate upon 
I introduction of additional surfaces. 
Attempting to make use of the enhanced biodegradation due to 
high localized concentrations at the liquid-solid interface, Johnson (3) 
proposed a new process for trea.ting secondary effluents. The new process, 
called pulsed adsorption beds (PAB) (3,6), utilizes an aerated contactor 
filled with granular media. The ai.r and wastewater flow cocurrently 
upwards through the contactor. The air provides oxygen for the aerobic 
biological activity and also provides a pulsing agitation to prevent 
clogging of the media. Although the original media tested was sand, 
•, 
I 
I 
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Fig, 1 Concentration Effect of Adsorption 
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0\ 
other medias tested included glass beads, anthracite coal and active 
carbon. As expected, the active c~rbon had a somewhat higher removal 
efficiency, although not high enough to justify its high cost compared 
to sand, at least in the preliminary studies (3). 
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The original studies by Johnson and Baumann (6), and subsequent 
studies by Johnson and Doutlik (7) demonstrated the feasibility of using 
the concentration effect of adsorption for advanced wastewater treatment. 
Additional work by Kalinske (8), using glucose, inorganic 
nutrients and active carbon in a batch-type analysis also resulted 
in the conclusion that adsorption onto a surface enhanced the biological 
activity. In his experiment, Kalinske simulated an activated sludge 
treatment scheme in the laboratory with a batch-type study which utilized 
periodic "feedings" of nutrients accompanied by corresponding solids 
wasting in order to maintain the suspended solids concentration at about 
2000-2500 mg/~.. Kalinske measured the COD removals in two systems that 
were identical in every respect except that active carbon was added 
to one of them. The system with the active carbon had significantly 
greater COD removals than the control. Kalinske attributed these 
results to the "concentration sites fer the soluble organics, bacteria 
and oxygen" that were provided by the active carbon. 
Further research by Besik (9) using a high rate adsorption-
hie-oxidation process led to his conclusion that the organics are 
removed first by adsorption and then by biological oxidation. 
Recent studies (10,11) at Lehigh University, dealing with the 
biological regeneration of spent active carbon have provided additional 
-8 
evidence of the beneficial biological activity resulting from the concen-
tration effect by adsorption of substrates onto solid surfaces. These 
studies, and others summarized by Johnson (12), led to the following 
conclusions: 
(1) After 200 days of operation, an aerated contact column filled 
with active carbon had no apparent reduction in the rate 
of COD removal. This essentially states that an adsorption-
biological degradation steady state condition was achieved. 
A secondary effluent with an average COD of 94.6 mg/t was 
reduced to an average value of 30.4 mg/t. 
(2) A parallel contacting unit filled with sand (a rather inert 
adsorption surface compared to active carbon) displayed 
remarkable removal capacities compared to removal values of 
conventional treatment operations (see Table 1). 
(3) Appreciable nitrification was observed in both the aerated 
f • 
I 
contactors. 
I 
I 
I 
In conclusion, the concentration effect of adsorption has been 
I 
i 
I 
proven as an effective mechanism in the biological oxidation of substrates 
I 
from solutions previously regarded as being refractory, which were, in 
reality, only too dilute to sustain biological activity in conventional 
I 
I 
process configurations. 
However, the problem still remains of trying to discern between 
truly refractory constituents and those merely too dilute to be treated 
I by conventional methods. 
I 
I 1 
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Table 1 
Comparison of Biological Treatment Processes 
BOD Removal 
Percent Kg/m3 /d 
1. Activated Sludge a 0.3-0.6 90 0.27-0.5 
2. Trickling Filter a 
Conventional 0.16-0.5 80 0.13-0.4 
High Rate 0.5-1.4 65 0.3-0.9 
3. Granular Media Contacting b 
Sand 5.4 40 2.2 
Active Carbon 5.4 65 3.2 
aObtained from Ref. (15) 
b . 
Obtained from Ref. (12) 
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2. RESEARCH DESCRIPTION 
The intent of this research was to study the biodegradation of 
certain refractory organic substances in the presence of active carbon. 
The investigation of possible enhanced biodegradation of refractory sub-
stances following adsorption onto active carbon, was conducted using 
long-term BOD procedures (13,14). Since these studies were conducted to 
establish whether a significant enhancement of biological activity is 
produced when active carbon is introduced, and thus any measurements 
were to be only semi-quantitative, the use of batch techniques such as 
the long-term BOD procedure, were believed to yield representative re-
sults without many of the purely operational difficulties encountered 
with continuous flow operations. 
·.·.--.~ .. ----------- ---'---·-- ---------··--. 
The BOD apparatus consists of a supply jug open to the atmos-
phere connected to a continuously stirred, sealed sample jug (Fig.- 2). 
The sample jug has a considerably smaller volume than the supply jug. 
Samples are taken from the sample jug for analysis at whatever intervals 
are necessary for the partic~lar research. Because the supply jug is 
open to the atmosphere, it is assumed that its dissolved oxygen concen-
tration is at saturation, as shown by ~Aford, et al. (13) and Dougal (14). 
However, as a precautionary measure, the supply jug was usually mixed, 
stirred, or agitated approximately ten minutes before samples were taken 
from the sample jug, ensuring that the replacement volume entering the 
sample jug from the supply jug was at saturation. This procedure was 
1\ 
Supply jug 
14 liters 
~ 
Withdrawal for 
supply jug 
samples 
Sample 
jug 
3.78 liters 
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Withdrawal 
for sample 
jug samples 
Fig. 2 Jug Dilution Apparatus for Long Term BOD Analysis 
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especially important during the f~rst few days of a test run, when the 
oxygen demand was the greatest. It should also be noted that the hoses 
connecting the sample and supply jugs, as well as the sampling hoses 
were kept as short as possible to avoid misleading data because of 
different biological activity of the solution remaining in the hoses 
between samplings. 
Two long-term BOD apparatus were run concurrently. One system 
had a predetermined concentration of the refractory compound or specific 
substrate being tested, along with active carbon added to a sample of 
final clarifier effluent (before chlorination) from the Bethlehem 
Sewage Treatment Plant. Fresh sewage samples were obtained for each 
run so that the bacteria in the test run would not be acclimated to 
the substrate being studied. The other system was the control, which 
contained everything the first system had except active carbon. The 
two systems were then tested for dissolved oxygen depletion and for the 
specific substrate depletion. 
To avoid possible misleading specific substrate depletions due 
to adsorption onto the active carbon, the active carbon was contacted in 
a solution of the specific refractory compound until an adsorption 
equilibrium was reached. The active carbon was contacted for at least 
three days and most often for longer periods to achieve eq~ilibrium. 
The equilibrium concentration remaining in the bulk solution of this 
mixture was then used as the initial concentration of the specific sub-
strate in the supply and sample jugs of the BOD apparatus. 
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The refractory compounds used in this research were chosen 
because of their relative non-biodegradability (16). This research was 
limited to the four compounds shown in Table 2. 
Table 2 
Refractory Compounds Used in Research Study 
As stated previously, measurements of the dissolved oxygen and 
specific substrate concentrations were made at regular intervals. The 
dissolved oxygen was measured by the modified Winkler Method (17) and the 
specific substrate concentration was measured spectrophotometrically. 
At the low concentrations used in this research, little deviation from 
the linear Beer's law was encountered. 
The spectrophotometric analysis for the specific substrate. 
concentration involved three distinct steps: 
(1) Using a known concentration of the substrate, the absorbance 
was measured on the spectrophotometer at various wavelengths. 
This determined the wavelength which has the maximum absorbance 
for a given specific substrate (called the optimum wavelength). 
-14 
(2) Using this optimum wavelength, the concentration of the specific 
substrate was varied and the respective absorbencies measured 
to generate a calibration curve. 
(3) Any unknown concentration of the specific substrate is deter-
mined by observing the absorbence of the sample at the optimum 
wavelength and the unknown concentration is then obtained from 
the calibration curve. 
-15 
3. RESULTS AND DISCUSSION 
A readily apparent feature of the results is the wide varia-
tions in the data. Although the results within the test for each speci-
fie substrate are fairly consistent, the differences between series of 
tests are quite pronounced. The results ranged from increased biode-
gradation during the first few days with the active carbon (following 
this period of acclimation, the control degraded the substrate signi-
ficantly better), to no change at all for another substrate, to a 
significant effect on biodegradation of another substrate because of 
the adsorption onto active carbon. 
The raw data for all tests are summarized in Appendix A. 
/ 
Specific substrate concentration and dissolved oxygen depletions are 
the most useful pieces of data; they are presented in graphical form 
following the discussion of each specific substrate. A listing of the 
specific substrate and active carbon concentrations for all the tests is 
given in Table.3. 
Table 3 
Summary of Tests Run 
Bulk Carbon Speci,fic Concentration Concentration Substrate mg/t mg/t 
para-Nitropheno1 1.4 28.5 
ortho-Nitropheno1 25 28.5 
Dinitro-o-Creso1 
1 24 36 
2 12.0 36 
3 6.5 36 
ortho-Nitroto1uene 20 132 
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The first substance tested was para-Nitrophenol(PNP) using 
a specific substrate concentration.of 1.4 mg/t PNP and 28.5 mg/t active 
carbon in the test system. The test lasted only five days because of a 
rapid drop in the dissolved oxygen level of the control sample. However, 
as Fig. 3 and Fig. 4 show, two significant events occurred during that 
five-day period. First, the sample with the active carbon exhibited 
increased biodegradation, as shown by larger dissolved oxygen and sub-
strate depletions, during the first two or three days of testing. 
After this two-three day period, the control sample had much larger 
dissolved oxygen and substrate depletions. This may be explained as a 
period of acclimation; the bacteria in the Bethlehem sewage needed two 
or three days to adjust their enzyme system in order to degrade this 
substrate. 
Because of the rapid, unexpected reversal of trend after two 
or three days using PNP, a similar,chemical, ortho-Nitrophenol (ONP), 
was used in the second series of tests. A bulk solution concentration 
of 25 mg/t ONP was used, along with 28.5 mg/t active carbon in the test 
system. As with the PNP, the ONP was degraded faster in the system with 
the active carbon for the first two days, only to be surpassed after a 
period of acclimation. Of note here is the fact that the sample jugs 
should have been reaerated earlier; the system was oxygen deficient from 
days 5-10. During this 5-day period, the system with active carbon was 
able to "catch up" and yield the same dissolved oxygen depletion as the 
control (Fig. 5 and Fig. 6). 
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The next substance tested was Dinitro-o-Cresol (DNOC). 
Originally, there was to be only one test run using DNOC. However, 
the resistance to biodegradation led to the running of three series 
of tests, using a different concentration of DNOC each time. 
The initial series was run using a bulk solution concentra-
tion of 23.5 mg/t DNOC and 36 mg/t active carbon in the test sample. 
Essentially, there was little difference between the test sample or the 
control, as neither degraded the DNOC. A second series of tests immediate-
ly followed the first. The same concentration of active carbon (36 mg/t) · 
was placed in the test sample, but the bulk solution concentration of 
DNOC was decreased to 12 mg/t. The results paralleled those of the 
first series.. The concentration of the DNOC did not change, and the 
oxygen depletions in the control and test samples were almost identical. 
A third series of tests were run using the same concentration of active 
• 
carbon and the DNOC concentration in the bulk solution were decreased to 
6.5 mg/t. Once again the results were the same. The oxygen depletions 
were nearly the same, and the concentrations in the bulk solution did 
not change. The results from all three tests are tabulated in Appendix 
A. 
The final test involved ortho-Nitrotoluene (NT). Two changes 
in procedure were introduced into this test. First, this test utilized 
a common supply jug. The previous tests had separate supply jugs. 
Since the biological activity might differ in the two supply jugs, this 
- _, . - --·-- ··-. ---·. 
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might have affected the results obtained when testing the sample jugs. 
Although biological activity in the supply jug might be different from 
what was thought to be, thus making absolute values of oxygen and/or 
substrate depletions difficult to define, the use of a common jug 
allowed accurate measurement of differences between the two sample jugs. 
The second modification to this test run was the amount of 
active carbon added to the sample. This change occurred because of an 
error resulting from the changeover to a common supply jug. Five 
hundred milligrams of active carbon were added to fourteen liters of 
solution in the previous tests (both Nitrophenol tests and four hundred 
milligrams added to fourteen liters). By accident, five hundred milligrams 
were added to 3.78 liters (one gallon) of solution for the ortho-
Nitrot6luene test run. 
Although the active carbon concentration was changed to 132 
mg/t, compared to a previous high of 36 mg/t, the bulk concentration of 
the ortho-Nitrotoluene was kept at a concentration which might be found 
in an industrial-municipal wastewater. The bulk concentration of the 
ortho-Nitrotoluene was 20 mg/t. The sample with the active carbon had 
much higher dissolved oxygen and substrate depletions throughout the 
nineteen ~ays of the test, as seen in Fig. 7 and Fig. 8. It appeared 
that the control jug was-finally beginning to acclimate near the end of 
the test. This test demonstrated enhanced biodegradation apparently 
pecause of the concentration effect of adsorption. 
"rj 
,.... 
OQ 
......, 
0 
~ 
OQ 
(1) 
::I 
t:j 
(1) 
'1j 
1-' 
(1) 
rt 
,.... 
0 
::I 
0 
~ 
:I: 
0 
I 
z 
H 
~ 
~ 
~ 
0 
~ 
~ 
t::l:j 
.. 
~ 
...., 
s (1) 
... 
p. 
Ill 
·....:: 
Cll 
• 
Oxygen Depletion, mg/1 
0 .p. 00 
....... 
N 
....... 0\ N 0 N .p. N 00 w N 
0 ~!11''ii_ 1iilliJ'i j·i:•!'i! 11111' I '!j'lj''' 'I !i1·1· 1'1.1 'j'IJ';Ii!j 11 1' 1· 1' 11 !!!! 11 j ll''i j''J. [''' '1:: i!iiJ,: · :; :· . :j.,:.j:;;, ;:::1', 
' ''I',,, II'' ' ,, II 11 ! I I I . I I I I· I I 'I I I ,, I I I ' I''' ''': 'I., ' : '' .,, ' I ,,, '''' lj-:~~..;.gf 111' I;: ,, 1 ,,,,,, ' I -,I+·· -l1j··l~··rrt·;h-'Trr]IJ,~ -t-t-1-,J+l·· ,JI--,JI···:·Jj_ 'It 'jil·1lj'j·lj·Jq I: l'i'j'i-l!['ij! ru! ;.i.r! lli!lt- . j.ll ,I. I ~1. _:J,j i 111- _,,_.II I, I I, I·H-Ililll,lllillill!llill 1!1 
t-,_,_- ~~~~- -= ___ ·_- --- . =.. . = -= r--'.1~!-L- ·1· l 1- -111 nJ-11-11 -r! ,,., 1111 llill! il~~: . r 'l r ·, I . - . I . : .. : : - . - 1-:-- - - -- I t 1- - . I I j I I I! ! I I II I ! ' I ,, I r II ! ! I ' ! ' i I ft II II .. I I ! -. - .,· - . . ! ' =i I! ., . .. I I ~rl,ll ,,,, ,, l II m I - I! I ll I ml '=I· ,,, ~Jril ! !'I jl ,-rtr tT[Ji Tf I h''li Tml' -:-,TJ -~-,·-;-:1-'HiTl' ~~-~ ;;:-;r-:·! :,·· I''' 
• •t II' - ·t ' I - · ' ••i r rf II ' ' .. , 1 ' t 1 · ''I • rltl' 'II r · I I 
'Lt' lLL.Jt! 11'1 ,I I ' ,. ·f \.tJ. . ···-~ J,lf 1· rH! _11_[J i rl lm Jill. d : ~ ,' 11 lill 1:11 lj:j :1· 1 !I;; :,·;;!•:: !',' ·d: ~iiT 1111 'il!J' !1'1 T . '-~ 1 1f ~ rrr llJjrpr~ I i' n I lr 111j j' ! 1jt'lllq illi !!I: !It f"' 1 j,, ,, j,i . . I i I rt "' II I~ I. I I I Iiiii ,,,j ,Jj, !• f~! rl-lJ'rl. 1- -- -- -T~=-- --- ~g';- + f·' --u- - ·: - 1- 11· ldlll!/11 1u1 1 j rll. I, . - -- . -. ::s - - j + - . . l ' I . ~ . . . - . : - .. -_ - . I ' t ' :! . : JIIIllil 004~ .. ' ! I . . g: ••. JJ I~~~~ II ' ··. 11. 'I :1 !, lJJd_,!i l! 
• 1 i • 1 , , 1 - - P. - t t· T 1 t n - · · 1 ml Tr,:- · 1 , • • 1 , . · ' ' . · 00 
i I II I' I I Fi . I - . I I -~ . " I It . I . . ,. i j,.J-1 1' ' II 'I I I II ',I' ' ! " M,.,m1-~- n-lj-1: :11 :- - r· - ::.!:.j'j± _H.-~r---1--- It·- - r!:l-1--1-'jl;-tl_rr.-l,j :TT::l:'!''tlj''n;-·t l - . 1- IP . rl -- -- - j - It - - - ,1 1 r ! 1' 1-1 ![- 1, 1 '. -11 l r1 1 1 ~ t ':-~.. -_ :· --- : ·_ . ~ . ·ti. -- : :·: -- :- : --.: I -t-·Lft,-lf~t+'.;.·, ,·, ·, . 11 :!.T - - I 1 . I - . . I - • - . li;! f ·I '•I ''1 H'l tr 1 ' i tttt .dlJt "" lli n ... t .. J ' .. lh lJ! L.fr _IT! L I II! L IL!r H-•11 tm~fiL. ml r:tl'''~: :1:• l''! ,::1 . - 1 1\ll J1Jl~'T 1;;; ffil -p:rtlj' ,., !;.i l'll·' I~ [Jl'- 1!1: JJ'! fTIT :':it'!! f·1:jl:1: ;·,,W.:,,::: 
1- '1 It I II I' I I 1 [' I I Jli I I I I - .f.\ I \L T I I 'II ' ' II .,, I I . 11 I I, I i ' ' I . i ' I I I 'I' I 'I ' 'I II ' " ' ill ' 
• t ~ • , r I • 1 t 1 • • ' ' 1 r i t r 1 j 1 , ' 'II , · t , j i 1 r ' tH · ' -l~ I ..-·! 1 I r 1 I • I • j_ I • ' • ' • • • 1 l • • • • • ' 
-;;-J;lTnrr -!lT' T~· m -~~~ ,,, :1 ~· -j-~ll~ 1- -m ~n, ttt1 i!Flffi! . 1rrr ~rt lf,-nlw,_ ,,.,. ~~-~, ;~~,, , -~j ,,~ i 1:: ~ w1,! 1': !j' 1:' 11:: : ~ P H,:: "r~ .. f , .•• ~-m- _ -J' , , i\1 w.'t' ,, , h-d, . LJ.-if dH I 1 "L 1 .1 . 1' ... , 11. ~·I. ,11. ,. ~~I ·n 
__,.,. rrll 1 1!!i ,_. i '·!' - _i _ z .. _ ·· RTi\' 1 - 1r . r~r~ T-1 l f nu ll'fill illT!!! '! 1 ill! l 
f111 ·!1-!1-Hi-:u{l ttl~! - f · -o = ~~.rm}lfJi.tU- :l·l:r ·rrrTfU,il1Jt-~·1trrj11 lrt~:--rrlJrlt~--l~!t1Hfl~! 
• j l· ,.,I I II I! I II" l -- .. '"' . -1 I I ., ., I ill 1:1 ~~ H~- I . m I . l t I n l·· It . I 11- ' tl• l 1 I I I 1) jll I I I ~ , , t • f l; . , ,- · ".j ~ , · 1 • • 1 , ' -.·1 i r L H t tIt ! t , t, I·, I • t i , • ~-' 
, ,, , ''.l ·1 - Ill · lt'[J.tl · ' ·": 'T II •, rrt'ill}' jlli o+i 11' ., ,,,,, •· ... , 0\t:f!l H·· itl1 d': l''l'l'l I - :j. J· 1 1 1 '!- 1!1 1.{ l I T 1, j1 I I• lf! t Ttl jt 1 !li1;i 1j11 ;1!! llt! :::i 
. .1 I 11 . r1 1 " 1 I :;: . . - , J, 1 1 , r I 11 . r. . 1 , 1 , , , . , . • , • 1 " Imt.rTin,.r~p:rlrl-l~- 1. 1 -- -_ -g _ --- 1: 'rN- -. 1#-- =p:- ·1 · 1 t· - Hr·~-11--~ rm,JTr~:rrn 7rir'1Trilrr 
1•1' 1
1 
r 1 1 i i ul 1 I · -1 ·' +Ill - 1· 1 - · 1-- 00 · li-i - iJ · · - 11 i 1 1 · ~1 ! l 1 lj tllitl- I 'I · H! '· 1 I !l-!-4 it.~rtt;r·-' ,.d, . - . , .. !-1'1'--:l-. . n- ,, 1-J.i..i-" +' '"' 'l. 
wHirl trn l:fl tf-H .trH _.=-=_: -- : = =-:-:- :: __ -.: = _t--: _ .. 11 :1.:.:~- -_- . · - - - . t • n ~tj. r1 nt TIJ.J __ '· !I 
.... l 1 'fl f nit.. r-H - - - - - fj· - fj T fl . . . :t . t! 11 l !trttl t I 11 ' l··:'!~!!'.::.!'i!.,:l:~ljti,.,. , 1 ·. 1 :. - · ·-i--·[: 1 ,.!1j:t 1,1. j 111· 1H11.· 1 1,~ 1J.1,!1 1 1 1 1 t 1 1,tl:~.qi 11 Nl···'t••'r ·•tl ,,,, ,,}L' tl tit - t1 - I 1 ·l It • ;i '' .- · • t I r• -t • 1 ltf·· tf 1 ;l 
....... 
N 
0 
I 
N· 
w 
"%j 
t-'•" 
OQ 
0 
00 
en 
§. 
(/.l 
rt 
t1 
Ill 
rt 
(1) 
t:l 
(1) 
"0 
1-' 
(1) 
rt 
t-'• 
0 
::; 
0 
:::0 
!:d 
0 
I 
z 
H 
1-'3 
~ 
1-'3 
0 
~ 
t%j 
~ 
1-'3 
t-'• 
s (1) 
.. 
0.. 
~ 
(/.l 
.. 
.. 
. Substrate Depletion, mg/1 
0 ~ 00 
t-' 
N -0\ 
N 
0 
N 
~ 
N 
00 
w 
N 
o ~··'' ;l'i+; ~~l~l'' *:'!'+'iJ!'I~1:'-~1 1Ji!1ill 1 i'!' I W rlijil1''1111'1' 1; '''II 1''1' 11'11 '11' 1'!:; I i! IIIII i !'1.''1!'!11"111'11':!! !:i:iilii :_::i_- 1!;::, ::~!!!i:; 
., . ,. :TJ, 1-i..:. -1' ,i! I I I I I ~ :1 I ''i II''' II 'I ljl I I' I I !I I' I I''' !tiJ f:tt'' .!, .... ! !1 .. ,.,., ... ; .... , . I' 1-r • , , . , , • . . . . , . 
1 
1 · . , 1 1
. - ., , - 1 , 1- , -1 ~-- . . · ... -.• 'I ' . I 'I I 'I I I I ' ' I I I' • I I :'!.I ... I:. I. I .• IJ.:! 1 :u,rtfu~ Ju11m ~ulttJ ~ ~ illl , 11 , ,l IL t 11r11 111 11 11 111'" 1 11 Iii! rr,, ·:::~d11 'i ~_,::;! d:;' I! I ! ! !I ill i I :I' ,, ! r I I, ·I I I I r I ~i I I l ~ 1 I II ! I q l i. I ! ! :! I ! ; q . 
00 
-
N 
I ! I' I 1 i t I I ,, ! I I rr i I I rr' I I l , rt I IT' I jl I ! n I i ! ! : I I I II jl : I I i ! II i i i I i ! ' .. , : ; I ! I : I ! I . i I ~ II I I I l ! . I I I I . I . : " I ! I ! l . I : : : I : I I ! I ; ! I I . ' : 
•• , , I • , • • IiI . , 11 _. • l''l , d . , ,,, u . ~· . II ,, ,I , , . I. ,I HI . , ml , , I ~~ . I • "''"l ~ , j! 1J ; . . . ,. . . ". I. I • 
TliriiTii,iHl if · .. ,,iT! r,r+lrl· ·:r "'l T~ .,: n- -nm·.~ jT'!"f ~~-~- r.·/· I "11f l . . ' . ·-fj,'~tt1t W!;i !Tff11Tf flm1TITI 
.-,--l-,-· 11 Tf''· · ,, I'' I jl I II l1 1 'I 1 1 ·1 1- I I 1- I·. 11 l 11111 11., •.• l..iillr'-'--~• Wl.LL.. ! :: t ! ~! t ' : i i: l ,.' l L ! ! i . I· . ,. . . l . ;I . II ! . I ' ,, f I I . . I f l ! I j j ! ! ! ! ! j ~!: ::: ~ H 01T0 
, .. II,,''' .m. b• .I _.II Jl u i I L ,I, ,1,(,, n J,LJ., J 11 /i:;i '~~' 'JJ.., "I ' ' I '•I ' 
.... , .... ·~,·-···· ... ,,, -m,. T .• jl'!-1 ' .. ~ '·'-· l'l'i!:J D> ittTtTI-· ·rl·,.rr.-r,.-, ii'f~t·J ··'·T ~·-·~·_t·'' .. Ill,,,-~···· -~·1· ··'· ... , .••.• ···' , ,, ,,. 1,, _·•_ ·· ,_,. ·tl ;., i] 
1
.\-j-, ·1i'i ··· 1· I •· 1 11ti l I ·1 ., ... t1
1 
.. 
1 
.. 1 . .,;, .. ;. 11· .. ,. ,-
1
-
1
- .. ,, -~~-I.,. , .
1
tl j: ,.,,, '1-f , .,,. __ .. \, .. 
., ,,, I .. ,., .• ..., '" ... '., ·1-·n .. , ... "11 -,J,, ., I I .,. r· ' .. i 'I" I·,. 'I .. , I IT:'' I'.]' t-,-. j'. 'I''. r ...... , ,.,,, ... 
. ,11, ,;, "'"'' 0 ·"·'•·'~:· · i · • I·, · I 1 ·+i""l ·IJisi.j ,.,., 0'. · · · l.j'' tl·-- i•j ,. 11· · ·· 1 ~ ! r .,, I j •: · .,1,.! .. : · •It·•;. 
::; ~-·1!::: :::' r:--:- :T,T\Ti: ,Jnl.-tltr:· ,-rt, ... ,., It -dl]'[ ,.fll ~-~~.,! rnT~, ·,T 0 i1·· '\-. -;f,-f,., rrlll' -,nrr· -,-.1·,1· ·rr-,T . rl_,. -,Tt, ., .. flu··-, 'TI ., rr:r ., r. ,7 I~ I I r-:-:~~ !~·-· ..... ; ; : 1.::: 1· 1: · • :: n: •. 1 1:: 1 • •11 · '; 1 · ,. !! ! · ·. · . 11 r 1 =' , · 11 11· ·11 1 •1 , -.·. 1 .,. 11 1 - · · 111' 1! I: •: · • . :! : 1: ·:: . ·: ·!:: ·: :.:.:.!L!~~ ... .:.!.!.LL;.; Ill :!.~1-l·l. ~ -l-41+ 'I:: I~~ . I 'I '+-i+ I l, L.LL!.I"I I '. 'I I. ,, . I .I I . '.:..!-j.4.Ll.~ ..... ' .... ,·' .. 
,.,., .. 11 .,,, ::: t1 ,, '1'1 .,n,,l .itht, ... ' ... 'I'' . J·r > n-1,. -~;1-ll· . I IT jTI· if!· ·IH 'i]J"~t I•• ![,. ,,,,, .... , ··:· ,, .... ,. ;:::,;'!i tt!i!: cJ .;, j,, I· r1, ,.,. ·r_ ·-- :~ ....... -.- -, ---..1-:. P..:-- .. :r- :1. t ·-r .. 'J -,I·_- - .. .}" ·r t;r~ ::ii ::::·;~;.~~::: ·.:~~~!:~: 
I ..... , •. ,. ;.) • "0 • ; J-ID . . ,!-··' ... 1.~1 11,~,-~m, i -~~~~t ,) I ,~, p_.,mn1flm. r:.rr tt.r~t'-'' r,,riR' ~~ 111, -~-.mr 1-, r~11. .. 'I. ·_I#· ................... .. . , .••• , ... ,., -~--- ····~ • ···r ... _., .. ·r,-· h' :J.,.. 1+-r ,-·..,-H-- !- r· . ·rilr . -r~-r (1) ·r~,,l.. J+!.tlt, ···!-,-·- .,1 n-r• 1[' rrr .. ,.. . Lr••· .•.• I .,.-· -± . :;::l;i'l ::::::! ,j :! ! i~ i ,_,. •:-,· T .:-, :-- r "'I" r: ., o..l i! ... I i 1 lll ., 1 · I J'.:! '!ij II'! l 'I I''! ,;:•.::: :::: :::; .:•:::: !, .... ,,, ....... ·.·, ,, ·~'',II ~''I ·'·I,,,, I'~'·,,. . ··'~ .. I"'-· ·tttl' II. ,l(m· ~.,.. ,, 1 i-~'' ·1'1 ·-Ill'"'''···.; ... , .. ····~···· ;-~:: ;~ +~~~~-- -;;~,.-;;, ;.,.:- --~. -~~nw. ': _· ,~iT·:.· ',,.;·ri h-ifu :+7-thf~~: .. ·; ~f- R+- ;-·-... : r.., ~;7.-+H. 2'~~ +~ ~-H~l17~-; :-~~~~-: 
......... 1, .. ,1,-·n•i'·_·' ,, 1 1
,!}1 1iJl 'J·I-[I·j-~#~- I 1 1.,,.1. ,., ~•r··l··J 1.,,11 1,.1,, .. ,.1., .. 1,, t-,- .. 1 ;.,. 1 ., 1iT1 rr~1 - ,.1 1TJ1,. 1 j·•ll·:itl''··l·!·l ... ,, 1,,, .. , ... .. ............ , J •••••••••••. ,.. ., • u- i·· .,. ·.- . . . . . J . ,., .. 1--- . ~-~ .. . . , .. , ... , .. ,,.,. , , .... ,~- . ,_ .. .. tl • •• • ,lj ,1..... "'· ................. , .. . , ... , •••..••. _.,., ·•;!•'··~i ., ,,, 'l•rl· ... - ... , I r•·!·! t ·rl· '+-,-~-~- ,. ,.,.'I'l-L,.,.,_ ... ,. 't ·j·i··t .,,,. ol! IT 'l''''r!•f•l••t• , ... ,,. :·~;·;·;;::: -::-~ ... !·;-:;·! ~~,, T.-r·m. ·1 -t. "T'f-i· .·.- .,..~1-rr.~,- r·-flTT . _,.-... r. q·.--r:;.·.'TiT·i~l,.il T-T1T·~. ·:·.-rrTTtT~· rr;·-;~~T-~~-rr~;-:-; .. ·~-:;r;r~; "":·:·;r·i:T-; 
. ,., .... ·_ ./ ... 1--~·' 1"1 ·_II' .. , 'i lh! t'fT I ·u-IH, .. m. ·~-'Tffii .. ,r r ··J T''j"'"~ I-1Lllf .F,.,~I-1-, j· t.l' r I ,.j.,., .-1-.... ,.,E, lj r~-1 _'"II"' I! 1'1·· I" .lj ._,,.,I. ·I'.,!.'. , .. '.1 ... :' ••• , , • , •• , .. ·1• ••• 1.,:,, .•• 1- ..• r- • •.. ~, ~ .. ,., . --- 1--ffii-1 .
1 
... 1. 1.1. 1-r 1 r --1- ., ., ... 1 "l  ,-1 , H, .. , , .. , .. , .... , ... , .1 ., • , •• • • • • • • .•• ··~ •• .... l•!!f''~·!·•··· l":t•: . i!t. ~· j;·~ t-t·- ,_ I I .. t. ·. ·j·: ·p •. , ,,,, ~·t·! '!11+ ···m· tffit '! .,._,. ,.,, rr I ,,.,. ••1 •• , ,,,,,,,., ···•I••!' ~-~-·-----·r--·•--..----~ nH-;..ilm . . .. ,.r,..,-;., ' -.,-~TJ· -~- ]..,...,. '1·.- ~~r·;..!-..---,.- --·· ···-·~-r· ~-1·· ~~-
....... ,. .. ,, ''IJ J·•li'•' ''I' lj· I J·l"·i .. ""I'' .. I , .. ,. 'jli' "''I' I"' . tl I'll. I "II I,,.,- ••. :, ••• , ''I' 'I'';,.,;, ........ . 
,.,, •••..• ,,. , •. ·l • ' , ., · ·'· ·· · · · · · .,... 1 , ·I ' 1 ,, , .• , r ' · • • .,, .,,, • •• · • '!'''' ··· .. ,.,,;., 
... ,,,,,, ... ,1.~:' i1"1 1d1 ··1····1·1~ ·11! · · 1·1+· · · ,,l·,.lji 111' --1·•tml.l' •t 1rul, ·l·l·•jr• i111l!•; ''+H'~'jJi 1 ' '"' 111 1 .... , ........ ,.,:. .::.~:1:!~.; .. ~~-L~..! .. ;.: ;.. '! .. t.Pj· ' ... ·,. r ·• ) .. ~·j-rtf" .... ~~--L-rJ--h+' .. t .. ~ +-~"':~. H· I~ I :~L 't-+#H-++ + .,..;.~+t-tf4--~~-·!'t:~__;.. ;·i·.·r·· 
,,,,,,,;, ... , .• ,.] :If• ,.,, I•. . .- ....... ,. "l'i;l: .. :,. •i·ll" '1.,-j I r. ml'" .,,. I.,. T,; "I' ''I ,·,·; l:·•t ., • ,,,, :-:-"':1-: 1 ' •1:·•·•·· 
, • ! • 1 , , ' 1 l • : : . : ' ' 1 . 1 1 1 I , · · • · •· · · , r · l , 1 · • r • · ·I , , 1 · ·r · ' · , , r 1 t t 1 . • r · • · • • 1 , • · ~ • 1 ~ • • : : • • ' 1 • : ~ .. .,,[:;,, ::,,,,,, .,:!il,i*llit~m,'flt"~~~~ffi,"''J,_hfUrr,llT!:l!: ~~:I.~~:IT:I~ll:l1f ::!\_ dd ni:l!tt: :~:: ::::1::::!;:·· ::!::!::· L--~- --~~- ~-1-.-'-r--r-,. ~ Tl<r ~- .., ~~-...;.. ~~ .~~~· __ , ___ ~
0\J ...... , .. •:•'1'"' ·•'•II·••! lj''i 1 '':i['.,,,. 1'1' "l'''l"'l:ll'ii i !•-l·•li';""'' i 1 I,;,-, 1-jl '''IIIIi ~· l''.j'dt ,.,., ... ,."I'''''' .. , ... , .. i·!!j'' 
.. j 'I',.,, 'i i:!' •• -1 ,,.,: 1--1 r .. ,-1-·Jtltl ~rr -~--1-1 nn,-#t I J#,.,.,. -1 I ·-IITI"'I:r~j-· TfiT.· ., r]1'1'f11T .J,ii -,-1-~~ j, ... n_.,., ..• L_--·t '1-1 ~~~I I·_·· I ·1:·11''' sti,. ,J! I ! ~:!I:;;; ; ::I ; ; l; 1 : ;.: :if. I I ; ~ '-, . : .'j !' ,.'-· . - .r r. I" T' I -l'!i I r .. · ·t rf. i l·! :; IiI:. i· I ·I - l '! t r t ~ ~ I ~! i: : ~.: l; q ; : l; I!;: i ; ; :; ::.: ~~::.:.;.;:.::~::L:.:: ~-:..~~·~-i::twW·'l .... ·d--ill :·!4. I~ -·:UHJii-J ,, .. " 1-4-!:-'_ ,l, .. tU.~ . .W· 'H·L·r~'~··: ,.,_1 .. :· ;..:~~:·"s , .• , •• !, ,.1:,.,, .,.1,.!,-t 1·:.,., .......... , .... , .. - .... ·!1-f-,,·. ·r,. ··!-,-,.TTfl ·· ,.., , ,,-..., ,.,rm., ,,~, .. ,~TJ'.,, •.. , ~·:· ·~'' I ., II".'". I ., .. , 'I" 'I,. ., .. 'I' . ·r T !:! . ·u-- ..... I" ;I ... ·- I h-., ., .. ,. . ·1-,~- .,. •! .... T .. , .. "1'1 r• l' 1 'l'' .•.. ' ,., .. I 'II I,' ... I ••.• I''' tt•ft~'IT t••tltlt' t1 'rs-4' ! 1'11'' r·. flf~; .. 1' ··r· · ··r·rtr·+t'l' 11-rT •f·T 1 ·mtt·t····· rn····r1·t 1"'1''' ·• t ··' 1 I.,, 1f•1 •·•1r.••t• ·r• tj•t·• :r~•· ''' ~""'------- ---;~ :m m~· n: + · ,. -. .., ..-.y _.;._ ~~n_,·~ -~
''"!"" .. ,,j:•,i ... , 1'1' ~~,--'I. ., ... • ... t· ..... , .. '""j"ll"Ti"l""'"l. , .. d·l-'· '''1" I·.,..,. liT" I'''~··· H•· •·tjl••:t f t t t It 1 r f t t· 't l·1 ,. • I . ' r· · · •" .... ·' • ' , '· . - · . · · - ' .. '- ' r-- . . . . . ·t 't'T ' . f• . ·+- •. '. 11tt· - . ' . . i'. 1 . 1 f t 1 t t + t 1 t ' 4 I ' ''I 
u::::q_;__;_:•;l:;r:· :d:!.p:·htl-r-r-Hn t1f.t!JJ ~1JJ-1 lW.tr.FmUIUr~~l+tffi-rrff~1-Lllt1Lfli UH h · i 1IHll1H1 nHL::: 'f·:d1:: !;;!!:::: 
•• ~ •.• ,. ; .• 11· ... ,., . i·l··., •'11-r-- -1H·H 'u .. ,,. ., .. --1·f+ll'-1-l1-~· Ll:.tt· !J-·1:+ •··'~+H+h· ·rr·!'!"frr1 ·ITT-··111r1-1T ·r1•t.!: ,.;a +•·i+ , ~:! •-·~,-!~·- • . · .,,_"' -!1-f.-++1 ..... "., .... · .... , •••.•... ,:; .. ,;.'1•••--';.,., 1. '!!·:'1-h·, • ~Jit-t!-:!'·)-ll·t--;-i·r I· :1· ''.±'-j!'.!:1i~··. r+ll!'!- -t rtj-·,-r 11· ·1·!·~- tF!· H·t·~ t-+t •·•:·i•f1' .,,.,_\'''' •·· 'I''' .. ,,,,,,. N:. ·!. :: ·~::::::; ··:::1:·:n ::.;,:·nrr ·::n f,f.f ::tn ... i~li'! ·::r.rl,TI nr-rrrn ~-.r; ·r;:·: ·:-n;: ;:: ., ,·1! nn rrn.J. !; :tr11i, 1 :::::;.~:: ~!;:,.::~ ::::i;:;· 
0 I N" 
.p. 
• 
• 
4. . CONCLUSIONS 
From the wide range of results obtained during this research, 
a single general conclusion regarding enhanced biodegradation be-
cause of the adsorption~concentration effect cannot be formulated. 
The mechanisms being employed at the carbon particle surface are 
too complex to be generalized in a few sentences. The only basic 
conclusion to be draWn from this research is that the failure or 
success of a biological system using an adsorption media is highly 
dependent on the specific substrate that the system is attempting 
to degrade. In other words, the results are strongly system de-
pendent. 
However, several conclusions covering more specific areas 
of this effort can be made • 
1. Contacting the active carbon in a solution of the 
specific substrate for periods ran.ging from 3 to 5 days proved to 
be effective in minimizing the removal of the substrate by adsorp-
tion during the biological testing. The tests with the Dinitro-o-
Cresol clearly demonstrated this. The negative response in bio-
degrading this substrate in the test system was almost identically. 
duplicated in the control. Removal of the specific substrate by 
adsorption would have resulted in a much greater specific substrate 
depletion in the jug containing the active carbon if prior saturation 
ofthe active carbon had not been achieved. 
• 
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2. The use of a common supply jug instead of two .sepa-
rate jugs did yield .more reliable data. Since the supply jug may 
behave differently (from a biological standpoint) than the sample 
jug, it is important to eliminate as many possible sources of error 
and confusion as possible. 
3. Similar substances will behave more alike than dis-
similar substances. The two similar substances in this case were 
two variations of Nitrophenols, para and ortho. Both of these sub-
stances displayed enhanced biodegradation because of the active 
carbon during the first two to three days of testing, fol-
lowed by increased activity in the control system after this initial 
period of acclimation. These events might be explained by hypothe-
sizing that the change in the biological mechanism used to degrade this 
specific substrate (taking two or three days) was much more effective 
than the concentration effect of adsorption.· 
4. Some non-biodegradable substances will remain non-
biodegradable even after adsorption onto active carbon. The 
Dinitro-o-Cresol tested in this research resisted biological decay in 
both the ·test and control systems. Although some substances are 
believed to have their characteristics altered because of a chemi-
sorption phenomenon at the carbon particle surface, Dinitro-o-Cresol 
either was not altered enough, or just not changed. In fact, con-
centrating some toxic substances at liquid-solid interfaces might 
retard biodegradation rather than enhance it. 
w 
• 
• 
5. Some substances do exhibit increased biodegradation 
because of adsorption onto active carbon. Because of the limited 
scope of this research, the reasons for the positive results of 
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this substance compared· to the other substances tested cannot be 
specifically identified. It might be because of the concentration 
.effect of adsorption, or it might be a change in the characteristics 
of the substance due to some undefined adsorption phenomenon, or it 
might be a combination of the two • 
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5 •.. RECOMMENDATIONS 
As stated before, this research was limited to studying 
the potential enhancement of biodegrading refractory substances 
• 
upon adsorption onto active carbon. This research demonstrated 
that this was indeed possible, but to a much lesser degree than 
expected. During the course of the work additional questions were 
raised that could not be answered by this research alone. For that 
reason, these recommendations are presented. 
1. Further work should be conducte~ to duplicate the 
results obtained here. Such factors as experimental error or in-
correct procedures might have misrepresented the actual results. 
2. Future work involving long-term BOD apparatus should 
incorporate a common supply jug to avoid extraneous errors • 
• 
3. Dinitro-o-Cresol, as well as other substances should be 
tested at various concentrations of active carbon. The amount of 
surfaces available should prove to affect the degree of biodegration. 
4. Intense testing should be performed on substances 
exhibiting properties like those of para- and ortho-Nitrophenol. 
Tests every two or three hours should be taken to try to chart the 
acclimation process. These tests should try to delineate any enhanced 
biodegradation because of the adsorption concentration effect. For 
these tests, it would be better to continuously monitor the dissolved 
oxygen rather than take discrete samples. 
• 
. 5. Further li.TQi:'k.shoUld be performed on the various 
substances commonly found in wastewater that exhibit re-
fractory behavior. A classification of these substances as to 
non-biodegradation because of toxicity or being too dilute would be 
quite helpful in planning future treatment processes for specific 
wastewaters. 
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6. Finally, a continuous flow research program should be 
conducted using some substrates considered refractory. This re-
search should concern itself with monitoring removals, if any, 
across some type of reactor. Once a substrate exhibits some bio-
degradability, long-term testing lasting 100-200 days, as described 
by Johnson (12), should be performed to see if a steady-state bio-
degradation can be maintained • 
• 
• 
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7. APPENDIX A 
para-Nitrophenol 
Sample jugs w/carbon and w/o carbon 
Carbon soaked for 3 days 
0.4g carbon added to 14 liters 
Dilution was 30:1 (Bethlehem STP effluent) 
w/o Carbon 
Adjusted 
Concentration D.O. D.O. 
Day mg/.t mg/.t mg/t 
0 1.42 9.20 
1 1.40 8.50 8.50 
2 1.35 6.85 5.32 
3 1.00 3.20 1.04 
4 0.52 1.10 -1.37 
5 0.50 0.90 -2.09 
w/Carbon 
Adjusted 
Concentration D.O. D.O. 
Day 9 mg/.t mg/.t mg/.t 
0 1.42 9.20 
1 1.20 8.45 8.45 
2 1.05 6.70 5.19 
3 0.95 5.35 2.82 
4 0.80 4.10 0.91 
5 0. 71 2.50 -0.97 
D.O. 
Depletion 
mg/.t 
0.70 
3.88 
8.16 
10.57 
11.29 
D.O • 
Depletion 
mg/.t 
0.75 
4.01 
6.38 
8.29 
10.17 
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PNP 
Depletion 
mg/.t 
0.02 
0.07 
0.42 
0.90 
0.92 
PNP 
Depletion 
mg/.t 
0.22 
0.37 
0.47 
0.62 
0.71 
Test terminated at the end of five days due to rapid drop in dissolved 
oxygen level of sample w/o carbon. 
• 
ortho-Nitrophenol 
Sample jugs w/carbon and w/o carbon 
Carbon soaked for 3 days 
0.4 g carbon added to 14 liters 
Dilution was 30:1 (Bethlehem STP effluent) 
w/o Carbon 
Adjusted 
Concentration D.O. D.O. 
Day mg/t mg/t mg/t 
0 27.5 9.30 9.30 
1 24.0 8.55 8.55 
2 24.0 6.70 5.18 
4 12.5 0.85 -0.90 
61 12.0 0.90 -1.52 
8 6.5 0.75 -2.20 
lcf 7.0 0.90/8.40 -2.58 
12 3.5 4.30 3.01 
15 1.0 0.60 -1.10 
w/Carbon 
Adjusted 
Concentration D.O. D.O. · 
Day 
• 
mg/t mg/t mg/t 
0 25.0 9.25 9.25 
1 20.0 8.40 8.40 
2 18.0 6.60 5.10 
4 18.0 4.00 1. 70 
6 14.0 1.00 -1.45 
8 11.5 1.10 -1.95 
10 10.0 0.70/8.80 -2.71 
12 5.0 4.95 3.60 
15 2.5 0.95 -0.81 
Difference 
mg/t 
0.75 
4.12 
10.2 
10.82 
11.50 
11.88 
17.27 
21.38 
Difference 
mg/t 
0.85 
4.15 
7.55 
10.70 
11.20 
11.96 
17.16 
21.57 
1Added 1000 mt from supply jugs 
D.O. w/o = 9.30 
D.O. w/ = 9.30 
New D.O. = 2.50 mg/t 
New D.O. = 2.05 mg/t 
2 Reaerated sample jugs for 30 minutes. 
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ONP 
Depletion 
mg/t 
3.5 
3.5 
15.0 
15.5 
21.0 
20.5 
24.0 
26.5 
ONP 
Depletion 
mg/t 
5.0 
7.0 
7.0 
11.0 
13.5 
15.0 
20.0 
22.5 
, 
4,6 Dinitro-o-Cresol #1 
Sample jugs w/carbon and w/o carbon 
Carbon soaked for 4 days 
0.5 g carbon added to 14 liters 
Dilution was 50:1 (Bethlehem STP effluent) 
w/o Carbon 
_Adjusted 
Concentration D.O. D.O. 
Day mg/t mg/t mg/t 
0 23.5 9.10 9.10 
1 23.5 8.75 8.75 
2 20.5 8.30 6.63 
3 20.5 7.95 4.97 
4 20.5 7.65 3.61 
6 21 6.80 2.06 
8 21 5.85 0.66 
10 5.50 -0.19 
12 16 4.65 -1.23 
17 19 3.80/9.00 -2.14 
21 724 7.80 6.18 
w/Carbon 
Adjusted 
Concentration D.O. D.O. 
Day mg/t mg/t mg/t 
0 23 9.10 9.10 
1 22 9.00 9.00 
2 20.5 8.90 7.18 
3 18.5 8.70 5.59 
4 18.5 8.50 4.25 
6 19 8.30 3.ll 
8 19 8.05 2.10 
10 7.75 1.19 
12 18.5 7.00 0.13 
17 19.5 6.75 -0.54 
21 18 6.60 -1.09 
Depletion 
mg/t 
0.35 
2.47 
4.13 
5.49 
7.04 
8.44 
9.29 
10.33 
11.24 
14.06 
Depletion 
mg/t 
0.10 
1.92 
3.51 
4.85 
5.99 
7.00 
7.91 
8.97 
9.64 
10.19 
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DNOC 
Depletion 
Essentially 
Zero 
DNOC 
Depletion 
Essentially 
Zero 
• 
4,6 Dinitro-o-Cresol #2 
Sample jugs w/carbon and w/o carbon 
Carbon soaked for 3 days 
0.5 g carbon added to 14 liters 
Dilution was 50:1 (Bethlehem STP effluent) 
w/o Carbon 
Day 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Day 
0 
ll 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Concentration 
mg/.t 
12.0 
Concentration 
Essentially 
Unchanged 
Concentration 
mg/.t 
12.5 
Concentration 
Essentially 
Unchanged 
D.O. 
mg/.t 
9.35 
8.55 
7.65 
7.25 
6.95 
6.70 
6.45 
5.95 
5.50 
5.10 
4. 75 
Adjusted 
D.O. 
mg/.t 
9.35 
8.55 
6.05 
4.40 
3.07 
1.97 
1.05 
0.09 
0. 74 
-1.44 
,-2.04 
w/Carbon 
D.O. 
mg/.t 
9.20 
8.50 
.7.95 
7.60 
7.35 
7.05 
6.80 
6.40 
5.95 
5.50 
5.10 
Adjusted 
D.O. 
mg/.t 
9.20 
8.50 
6.32 
4.68 
3.38 
2.24 
1.28 
0.36 
-0.48 
-1.22 
-1.86 
Depletion 
mg/.t 
0.80 
3.30 
4.95 
6.28 
7.38 
8.30 
9.26 
10.09 
10.79 
11.39 
Depletion 
mg/.t 
0.70 
2.88 
4.52 
5.82 
6.96 
7.92 
8.84 
9.68 
10.42 
11.06 
1 Sample centrifuged - possible carbon interference 
-35 
DNOC 
Depletion 
Essentially 
Zero 
DNOC 
Depletion 
Essentially 
Zero 
• 
• 
4,6 Dinitro-o-Cresol 113 
Sample jugs w/carbon and w/o carbon 
Carbon soaked for 4 days 
0.5 g carbon added to 14 liters 
Dilution was 50:1 (Bethlehem STP effluent) 
w/o Carbon 
Day 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Day 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Concentration 
mg/t 
6.5 
Concentration 
Essentially 
Unchanged 
Concentration 
mg/t 
6.5 
Concentration 
Essentially 
Unchanged 
D.O. 
mg/t 
9.30 
8.60 
7.90 
7.25 
6.85 
6.45 
6.10 
5.80 
5.45 
5.10 
4. 75 
Adjusted 
D.O. 
mg/t 
9.30 
8.60 
6.27 
4.39 
3.00 
1.81 
0.82 
0.01 
-0.77 
-1.44 
-2.04 
w/Carbon 
D.O. 
mg/t 
9.20 
8.55 
7.90 
7.50 
7.15 
6.75 
6.40 
6.00 
5.65 
5.25 
4.90 
Adjusted 
D.o. 
mg/t 
9.20 
8.55 
6.27 
4.60 
3.23 
2.02 
1.02 
0.12 
-0.65 
-1.36 
-1.96 
Depletion 
mg/t 
0.70 
3.03 
4.91 
6.30 
7.49 
8.48 
9.29 
10.07 
10.74 
11.34 
Depletion 
mg/t 
0.65 
2.93 
4.60 
5.97 
7.18 
8.18 
9.08 
9.85 
10.56 
ll.l6 
-36 
DNOC 
Depletion 
Essentially 
Zero 
DNOC 
Depletion 
Essentially 
Zero 
-37 ·-
Nitro-Toluene 
Sample jugs w/carbon and w/o carbon. 
Carbon soaked for 5 days 
0.5 g carbon added to 3.78 liter sample jug 
• Dilution was 50:1 (Bethlehem STP effluent) 
Note: This test had a common supply jug. The previous tests had 
separate supply jugs. 
w/o Carbon 
Adjusted OXY NT 
Concentration D.O. D.O. Depletion Depletion 
Day mg/t mg/t mg/t mg/t mg/t 
0 21 9.25 9.25 
1 20 8.65 8.65 0.60 1.0 
2 17 8.10 6.44 2.81 4.0 
3 17 7.30 4.42 4.83 4.0 
4 17 6.45 2.68 6.57 4.0 
5 17 5.70 1.27 7.98 4.0 
7 16 4.95 0.05 9.20 5.0 
9 15 4.30 -0.94 10.19 6.0 
13 16 2.151 -2.70 11.95 5.0 
• 15 14.5 8.20 8.20 12.95 6.5 
19 11.5 4.55 3.23 17.92 9.5 
t 
lv/Carbon 
Adjusted OXY NT 
Concentration D.O. D.O. Depletion Depletion 
Day mg/t mg/.f.. mg/t mg/t mg/t 
0 21 9.30 9.30 
1 16 8.10 8.10 1.20 5.0 
2 10.5 7.45 5.86 3.44 10.5 
3 10.5 6.50 3.76 5.54 10.5 
4 9.5 5.55 2.00 7.30 11.5 
5 8.5 4.75 0.60 8.70 12.5 
7 7.5 4.00 -0.57 9.87 13.5 
9 8.5 3.40 -1.49 10.79 12.5 
13 8.5 0.751 -3.48 12.78 12.5 
15 6.5 8.00 8.00 13.98 14.5 
19 4.0 4.05 2.78 19.20 17.0 
• 
1 Aerated to a D.O. of 9.2 
• 
' 
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